Cardiac transplantation is predicted to improve survival for patients with severe symptoms of heart failure and ejection fraction of 20% or less, but the exercise capacity after cardiac transplantation is less than normal. Patients responding to vasodilators and diuretics have progressive improvement in exercise capacity despite low ejection fraction. We hypothesized that among patients currently considered appropriate for transplantation who could nonetheless subsequently be stabilized on medical therapy tailored to hemodynamic goals, survivors after 6 months of sustained medical therapy would demonstrate exercise capacity comparable to that of survivors of transplantation. Of 146 patients referred, 118 (81%) were discharged on tailored therapy without transplantation, and 88 (60%) were stable for at least 1 month.
Cardiac transplantation is predicted to improve survival for patients with severe symptoms of heart failure and ejection fraction of 20% or less, but the exercise capacity after cardiac transplantation is less than normal. Patients responding to vasodilators and diuretics have progressive improvement in exercise capacity despite low ejection fraction. We hypothesized that among patients currently considered appropriate for transplantation who could nonetheless subsequently be stabilized on medical therapy tailored to hemodynamic goals, survivors after 6 months of sustained medical therapy would demonstrate exercise capacity comparable to that of survivors of transplantation. Of 146 patients referred, 118 (81%) were discharged on tailored therapy without transplantation, and 88 (60%) were stable for at least 1 month.
Stability after discharge was more likely in patients with lower right atrial pressures and better renal function on therapy. Of the 88 stable patients, 45 patients were listed for transplant, and 43 were ineligible or unwilling. From these patients, 42 survivors for more than 6 months follow-up after cardiac transplantation or tailoring of medical therapy underwent exercise testing. Baseline functional and hemodynamic status and left ventricular ejection fraction (15 ±4%) were not different between the transplant and sustained medical survivor groups at the time of initial evaluation. After 14±6 months, left ventricular ejection fraction had increased to 62+7% after transplantation (p<0.01) and only 22+±9% after sustained medical therapy (p<0.05). However, there were no significant differences in the maximum workload, oxygen uptake, anaerobic threshold, or maximum oxygen pulse between survivors of cardiac transplantation and survivors on sustained medical therapy. For patients with severe heart failure who can be stabilized on tailored medical therapy without transplantation (60% of patients referred), cardiac transplantation improves ejection fraction without comparable improvement in exercise capacity beyond that achieved after sustained tailored therapy. (Circulation 1990; 81:78-85) In contrast to the early years of cardiac transplantation, many eligible patients can now be stabilized on maximal medical therapy tailored to hemodynamic goals for advanced heart failure, despite low ejection fraction, history of New York Heart ity over 2-6 months in responding patients1l-13 for whom the relative functional benefit of cardiac transplantation has not been established. We hypothesized that among patients considered appropriate for transplantation by current criteria14 who can be stabilized on medical therapy, survivors after 6 months of sustained medical therapy would demonstrate exercise capacity comparable to that of survivors after cardiac transplantation.
For this study, we identified the patients initially referred with severe heart failure who were clinically stable at 1 month after transplant evaluation and discharge on therapy tailored to hemodynamic goals for advanced heart failure. Within that population, we compared ventricular function and exercise capacity for those patients who survived at least 6 months on sustained medical therapy and those patients with comparable baseline status who survived at least 6 months after cardiac transplantation.
Methods
All patients over 18 years admitted for cardiac transplantation evaluation at University of California, Los Angeles Medical Center from September 1985 through September 1987 were identified. Patients with diagnoses other than chronic dilated left ventricular failure were not analyzed in this study, which also excluded patients with less than a 6-month history of nonischemic cardiomyopathy, due to their high frequency of spontaneous improvement in ventricular function.15
Initial Evaluation and Therapy
At the time of admission, patients were routinely interviewed by one of three cardiologists to determine the hospitalization history and the length and nature of symptoms associated with congestive heart failure. At that time, the interviewer graded symptom severity on scales of 0 to 4; activity limitation grade 4 being bedridden; grade 3, walking at home but less than one block; grade 2, unlimited flat walking; grade 1, unlimited routine activity; orthopnea grade 4 being sitting to breathe; grade 3, sleeping with three pillows or frequent paroxysmal nocturnal dyspnea; grade 2, sleeping with two pillows or occasional paroxysmal dyspnea; grade 1, sleeping with rare difficulty; grade 4 of right-sided symptoms being constant discomfort from splanchnic congestion or peripheral edema; grade 3, frequent daily discomfort; grade 2, discomfort several times weekly; grade 1, rare discomfort. At the initial time of study, exercise testing was not routine in patients with severely symptomatic heart failure and was performed only to confirm cardiovascular capacity in patients considered too well for transplantation. Initial peak oxygen uptake, workload, and exercise times are not available for the patients in this study, all of whom had dyspnea at rest or with minimal activity.
Coronary angiography was performed before or during evaluation in all patients. Right-heart catheterization was performed after admission, with baseline hemodynamics measured in the postabsorptive state 2-4 hours after catheter insertion to determine pulmonary vascular resistance and to guide therapy. Patients underwent informed consent before the performance of exercise testing. Patients were tested initially with a 6-minute walk during which distance was measured after 6 minutes of the patient's selfdetermined pace along an inside corridor, as described previously by Lipkin et al.20 Later on the same day, patients exercised on a cycle ergometer at a constant workload of 20 W for 6 minutes. After a 2-3-minute rest period, patients then performed symptomlimited bicycle exercise during which the work rate was continuously increased at a rate of 15 W/min. During the cycle ergometer exercise, oxygen uptake and carbon dioxide output were measured breathby-breath by a Medical Graphics System 2001 analyzer. Peak oxygen uptake was measured and compared with the predicted maximal based on height, weight, gender, and age as described by Wasserman et al, which reflects lean body mass in the presence of excess body weight.21 As these patients generally did not demonstrate a plateau of oxygen uptake consistent with a true maximal value, the symptom-limited peak oxygen consumption is described, with corresponding ventilatory measurements. Anaerobic threshold was assessed using the V-slope method in addition to ventilatory criteria. The ratio of oxygen uptake increase to work rate increase measured the values obtained after steady-state 20-W exercise and peak exercise. Peak oxygen pulse was determined by dividing peak oxygen uptake by peak heart rate.
All values are given as mean+SD. Comparisons between groups were made with unpaired Student's t tests and within groups with paired t tests, with p<0.05 considered significant. To maximize sensitivity for group differences, no adjustment was made for multiple comparisons.
Results
Early Stability After Discharge Hospital discharge without transplantation was possible for 118 patients without major contraindications to transplantation (Table 1) . Transplantation (four patients) or sudden death (one patient) occurred in five patients during the next 2 weeks. By 1 month, 25 patients were considered unstable due to continued weight gain despite increasing oral diuretics (16 patients, five of whom also had deteriorating renal function), angina (four patients), severe hypotension (three patients), declining serum sodium (one patient), or syncope (one patient). These 25 patients who became unstable after discharge did not differ from the stable survivor groups in general characteristics except for a slightly higher ejection fraction (Table 2) . At the time of initial evaluation, the hemodynamic status of the patients who became unstable after discharge was no worse than that of the patients who remained stable during the first month of follow-up. However, the response to tailored therapy during hospitalization was less favorable, with higher final filling pressures, lower cardiac index and mean arterial pressure, and worsening renal function in the unstable group. After identification of instability, 17 of these patients underwent transplantation, seven died, and one is living on dialysis. AT, anaerobic threshold determined by V-slope and ventilatory criteria; R, respiratory exchange ratio; Vco2, carbon dioxide release; VE, minute ventilation; Vo2, oxygen uptake.
contraindications: psychologic (four), financial (three), diabetes (two), pulmonary (two), age (one), or neurologic limitations (one).
Ejection Fraction and Exercise Capacity
Assessment of left ventricular function 15+6 months after cardiac transplantation showed left ventricular ejection fraction to have increased to within normal limits (Figure 1 ). Ejection fraction also increased after 12±5 months in patients on sustained medical therapy but remained severely reduced compared with that after cardiac transplantation.
Exercise capacity was assessed at the same time as left ventricular function and was similar in the two groups ( Table 4 ). The average distances covered in 6 minutes of voluntary walking were the same. All patients were able to complete 6 minutes of steadystate 20-W submaximal bicycle exercise without evidence of anaerobic metabolism. Peak oxygen uptake in both absolute measurement and percent of predicted maximal values was not higher in the patients who had undergone cardiac transplantation. The anaerobic thresholds, which could be identified by the V-slope method and concordant ventilatory criteria in all but two patients, did not differ between the two groups. In group 1, the peak R (respiratory exchange ratio) was slightly higher and the ventilatory equivalent for CO2 was significantly higher, suggesting effort at least as strenuous as that for group 2 patients. The increments of oxygen uptake in relation to work rate and the peak oxygen pulses were also the same for the two groups. Limitation could be attributed to decreased aerobic capacity rather than musculoskeletal or volitional factors in all patients except one group 1 patient with claudication. Symptoms leading to exercise termination in group 1 were dyspnea in six patients and fatigue in 16; for group 2, dyspnea in eight and fatigue in 12.
Discussion This study demonstrates that among patients with severe symptoms of heart failure and ejection fraction of 20% or less who can be stabilized (60% of patients referred to this program), those who survive more than 6 months on sustained medical therapy achieve exercise capacity that is comparable to that of patients surviving after cardiac transplantation. This was shown although this population originally presented with deteriorating status, evidenced by clinical and hemodynamic profiles, an average of more than two hospitalizations for heart failure during the 6 months preceding evaluation, and apparent failure of previous standard therapy, which usually included oral vasodilators. The unexpected similarity of ultimate exercise performance between the two survivor groups despite the large difference in ejection fraction reflects both the greater potency of sustained effective afterload reduction and the greater limitations of the transplanted heart than are generally recognized.
During the era that has seen major advances in cardiac transplantation, afterload reduction has also evolved.22-24 For patients with severe heart failure referred for transplantation, afterload and preload reduction with high-dose vasodilators and diuretics has been tailored specifically to hemodynamic goals, which not only allows the filling pressure to be substantially below the level causing symptomatic congestion16 but also minimizes the mitral regurgitation present during rest and exercise in these patients.25,26 Such therapy frequently improves clinical status acutely after referral, even when previous vasodilator administration has been ineffective.' It has previously been shown that for patients transferred urgently from other hospitals, the efficacy of tailored therapy in allowing hospital discharges without transplantation could not easily be predicted by the initial hemodynamic and renal profile, although these were frequently worse in patients who could not be discharged without transplantation.' Similarly, among patients who can be discharged, initial hemodynamics before therapy did not predict stability at 1 month, which was more common in patients with lower final right atrial pressure, creatinine, and blood urea nitrogen after therapy. Because patients who will initially or subsequently fail tailored therapy cannot be predicted by initial clinical history or hemodynamics, all patients with severely symptomatic heart failure deserve a trial of tailored therapy to improve immediate status, regardless of whether future transplantation is planned.
While selected patients with good exercise capacity despite severely reduced ejection fraction have been previously described,27,28 this study of patients with initial ejection fraction of 20% or less selected only for stability after 1 month of revised medical therapy and subsequent survival over 6 months showed that most such patients can achieve more than 50% of predicted maximal capacity. The threefold to fourfold increase in left ventricular volumes that generally occurs25 allows an adequate stroke volume at rest and exercise despite severely reduced ejection fraction, provided that mitral regurgitation can be minimized.26 Exercise-induced peripheral vasodilation may further improve ejection fraction and tachycardia increase cardiac output. 27 The left ventricular ejection fraction was normal after transplantation in our population and in others.6"10 Exercise capacity after transplantation was also good but was less than predicted for normal subjects. While it is possible that some patients on chronic immunosuppression may be limited by musculoskeletal problems, evidence of increasing anaerobic metabolism was present in all but one of our transplant patients before peak exercise. Transplant patients have previously been shown to have higher peak lactate levels and ventilatory equivalents7 and lower peak work rates and peak oxygen uptakes than normal (101 W and 1.5 1, 70% normal by Kavanaugh, compared with 103 W and 1.4 1, 60% of normal predicted in our group). Heart rate and contractility do increase during exercise after transplantation, as a result of increased circulating catecholamines,6'8 but the maximal cardiac output is lower than normal maximal cardiac output.6'9 While the limitation results in part from decreased maximal heart rate, the low maximal oxygen pulse is consistent with the low peak stroke volumes that have been described.8-10 While left ventricular ejection fraction is normal, left ventricular size may be low-normal or low in some patients29 and compliance reduced,30-31 particularly during exercise.10 Rejection, hypertension, and cyclosporin all may contribute to myocardial stiffness after cardiac transplantation.
Exercise capacity is only one determinant of quality of life. Other aspects of life satisfaction have been compared in patients with stable heart failure and patients after cardiac transplantation.32 Patient adjustment to illness questionnaires showed similar overall awareness of illness in both groups, with slightly greater dysfunction in social functioning for heart failure patients who viewed themselves as able to perform less activity than did the transplant patients (estimated metabolic equivalent, 5.3 vs. 7.9 METS). The two groups described similar intensity of general anxiety and depression. The similarity in perception between the two groups may reflect in part similar medical regimens (average 16 daily doses for transplant patients and 13 for heart failure patients), while unexpected hospital days were more frequent after cardiac transplantation.32
Limitations
This study is limited by the lack of a true control group of patients with hemodynamically stable heart failure on tailored medical therapy against which to compare cardiac transplantation. It is currently not acceptable to randomize patients to sustained medical therapy or transplantation, due to the potential impact on survival. The seven patients who were undecided may well have perceived less disability than those who accepted transplantation initially. However, all clinical and hemodynamic parameters of disease severity obtained at baseline suggested the two groups to be comparable. The study is limited by the lack of objective information about initial exercise capacity, which was not at that time formally tested in patients demonstrating obvious limitations during minimal activity. Routine assessment of peak oxygen consumption and anaerobic threshold, which are less variable than exercise time and workload,33 may prove in the future to better identify patients who will need transplantation. However, it should be emphasized that regardless of any unrecognized baseline differences, both groups represent patients with ejection fraction of 20% or less for whom cardiac transplantation would have been considered appropriate according to current clinical and hemodynamic guidelines14 and might have been performed with the expectation of better functional capacity than that achieved by survivors of sustained medical therapy.
It is unlikely that longer observation on the same regimen would have revealed differences in exercise capacity between groups. Limitation that may result from peripheral metabolic muscle adaptation34,35 does not rapidly resolve, and the maximal benefit of optimal medical therapy may be delayed for several months.11-13 Peripheral vasodilator reserve is decreased in heart failure and did not normalize until 3 months after cardiac transplantation.36 However, all patients in this study were followed for at least 6 months, with average time of 12 months for medical patients and 15 months for transplant patients. Further improvements for both groups would probably have resulted from formal exercise training,37 which has been shown to increase peak oxygen consumption by 23% in heart failure patients38 and 19% in cardiac transplant patients.9
Tailored Therapy Before Cardiac Transplantation Cardiac transplantation is currently limited by the deficit between the estimated 2,000 donor hearts yearly and 20,000 potential recipients.39 Referrals continue to increase, but the number of transplants performed yearly is no longer changing. Survival after transplantation exceeds that of referred patients who do not undergo transplantation, particularly when medical therapy is not systematically tailored for advanced heart failure and early stability is not monitored.40 However, patients with ejection fraction of less than 20% and severe symptoms of heart failure cannot all undergo transplantation, although it is predicted to improve their survival.41 Even for accepted candidates, the waiting time frequently exceeds 6 months. Thus, all patients with severe heart failure referred for transplantation should undergo afterload reduction tailored for this population, regardless of the apparent inadequacy of previous therapy. This will allow identification of the subgroup of truly unstable patients, who may derive the greater overall benefit from transplantation and, thus, deserve the higher priority. Decisions regarding those patients who appear stable at 1 month on tailored therapy should reflect individual relative values placed on the potential increment of increased survival expected from transplantation as compared with the lack of major improvement in exercise capacity or quality of life32 and greater dependence on tertiary medical care. Our results also suggest that patients surviving more than 6 months on medical therapy while awaiting transplantation may deserve reevaluation regarding their need for surgery. With further evolution of cardiac transplantation and medical therapy for heart failure, the relative benefits of each should undergo continual reassessment in relation to all of the populations referred for evaluation.
